By sequence and phylogenetic analyses, the 11 genomic segments of two bovine rotaviruses isolated from clinically infected calves were proven to be derived from the swine-like P[7]G5 genotype. This finding reinforced the hypothesis that interspecies transmission of completely heterologous strains can occur in nature.
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Group A rotavirus (GARV), a member of the Reoviridae family, is a major cause of gastroenteritis in young children as well as in many animal species worldwide (3) . The rotavirus genome is enclosed in three concentric layers and is composed of 11 segments of double-stranded RNA, which encode six structural proteins (VP1 to -4 and VP6 to -7) and five nonstructural proteins (NSP1 to -5) (3). This unique segmented nature of GARV genomes would enable reassortment between different viruses during coinfection and induce production of progeny viruses with novel or atypical phenotypes as noted above (3) .
GARVs have a wide host range, but individual strains appear to be restricted to single hosts (7) . In humans, the most common G serotypes are G1, G2, G3, and G9 and two main P genotypes are P [4] and P [8] (12) . In pigs, there are at least four major G serotypes (G3, G4, G5, and G11) and two dominant P genotypes (P [6] and P [7] ) (13) . In cattle, serotypes G6, G8, and G10, in combination with genotypes P [1] , P [5] , and/or P [11] , are the serotypes most commonly found (1) . However, there is now increasing evidence that the transmission of GARVs can occur from animal to human as well as from animal to animal either by direct transmission of the virus or by the contribution of one or several genes to reassortants (9, 10) . However, there is little evidence for the existence of bovine GARVs bearing all genomic segments of porcine origin.
The aim of this study was to characterize all 11 genomic segments of the two Korean bovine GARV strains. The results showed that both strains had swine-like genomic segments. These results contribute to a better understanding of interspecies transmission of heterologous GARVs.
Two bovine GARV strains (K5 and K8) were isolated from diarrheic fecal samples of two calves from different farms during 2004 and 2005. These strains were propagated and plaque purified three times, using a plaque assay as described elsewhere (11). The viral genomic double-stranded RNA was extracted from the virus-infected TF-104 cells, characterized by reverse transcription-PCR, and sequenced using specific primer pairs (11). Each gene sequence of the two strains was compared with those of other known GARVs (see Table S1 in the supplemental material) by the use of DNA Basic module software (DNAsis MAX, Alameda, CA). Phylogenetic and sequence analyses based on the deduced amino acid alignments were performed as described previously (11).
We compared the full-length (354 amino acids) VP7 protein sequence of the two Korean GARV strains with those of the GARV strains representative of all 16 G genotypes (4) . Both strains showed the highest (92% to 100%) sequence identity to the porcine G5 GARV strains. Phylogenetically, the VP7 protein of the two strains clustered with porcine G5 GARVs (Fig.  1A) . The deduced 292-amino-acid sequence of the VP4 gene of the two strains were compared with those of the representative GARV strains belonging to all 27 known P genotypes (8) . The highest (95.2% to 99.0%) identity was found with the P [7] porcine GARVs. Phylogenetic analysis of the VP4 gene of the two strains provided a molecular basis for the findings revealing their close similarity to the P [7] genotype strains, particularly to the porcine P [7] genotype (Fig. 1B) .
Amplification of a 379-bp region of the VP6 gene, which is associated with subgroup (SG)-specific epitopes, allows the classification of GARVs into SGI, SGII, SGI/SGII, and non-SGI/non-SGII groups, according to the diversity within the VP6 gene (6) . The deduced 126-amino-acid sequence of the VP6 gene, which includes SG-specific epitopes, showed maximum (96.0% to 98.4%) deduced amino acid identity of two Korean strains to those of the porcine SGI JL94 and YM strains. Phylogenetically, the two strains clustered closest to the porcine JL94 strain, forming a distinct branch within the SGI GARVs, and clustered distantly with the bovine SGI GARVs (Fig. 1C) .
By sequence analysis, the NSP4 gene could be classified into five distinct genotypes designated A to E (2). An analysis of the NSP4 protein (292 amino acids) of the two strains showed that they shared higher deduced amino acid identity with the GARV B genotype than with other genotypes: 94.0% to 98.3% deduced amino acid identity with the genotype B porcine GARVs, including the A131, A34, and OSU strains (data not shown). Phylogenetically, the two strains clustered within the porcine NSP4 B genogroup and distantly clustered with the remaining NSP4 genotypes (Fig. 1D) .
The partial deduced amino acid sequences of the VP1 (119 amino acids), VP2 (182 amino acids), and VP3 (194 amino acids) genes of the two strains were compared with those of the representative GARVs. For VP1, the highest (99.1 to 100%) deduced amino acid identity of the two strains was observed with the porcine Gottfried strain. Among the strains compared in the phylogenetic tree, the two strains clustered in a separate branch with porcine GARVs, including the YM and Gottfried strains (see Fig. S1A in the supplemental material). For VP2, the highest (92.8%) degree of deduced amino acid identity of the two strains was found with the porcine HP140 strain. The phylogenetic tree showed that the two strains had a fairly close relationship with the porcine HP140 strain and human RMC321, Wa, Beijing, and KU strains (see Fig. S1B in the supplemental material). For VP3, two strains shared the highest (94.4%) deduced amino acid identity with the porcine YM strain. In the phylogenetic tree, these strains clustered most closely with the porcine YM strain (see Fig. S1C in the supplemental material).
The NSP1 (484 amino acids) and NSP2 (332 amino acids) genes of the two strains showed the highest levels of deduced amino acid identity to the porcine OSU strain (99% to 100% identity and 99.7% identity, respectively). The phylogenetic trees of the partial NSP1 (see Fig. S2A in the supplemental material) and NSP2 (see Fig. S2B in the supplemental material) genes showed that the two strains clustered most closely with the porcine OSU strain. The comparison of the NSP3 (350 amino acids) and NSP5 (221 amino acids) genes of the two strains to the other representative strains showed that the sequences of the NSP3 and NSP5 proteins exhibited 98.1% to 99% deduced amino acid identity and 98% deduced amino acid identity, respectively. Phylogenetic analysis confirmed that both genes of the two strains clustered most closely with the porcine OSU strain (see Fig. S2C and D in the supplemental material).
Since G5 strains, which were originally detected and are prevalent in pigs, have been reported to have been found mainly in developing countries (5), they are considered to be emerging pathogens in humans. A previous study (11) reported that bovine GARV strains with the G5 genotype occurred in nature as a novel G genotype in cattle as a result of the natural reassortment between bovine and porcine strains. However, there is little information on the transmission of porcine G5 strains containing the full complement of porcine G5 rotavirus genome segments to heterologous animals and humans in nature. The structural features of each of the 11 genomic segments of the present two bovine strains were remarkably similar to those of the porcine P [7] G5 strains. Moreover, phylogenetic analyses revealed that the 11 genomic segments of these two strains were clustered in all-porcine phylogenetic subclusters. Therefore, the present evidence shows that the transmission of a heterologous strain, in addition to that of a reassortant virus, can also induce gastroenteritis in a heterologous host. To our knowledge, this is the first report of the molecular nature of bovine GARV strains with 11 genomic segments related to porcine strains.
In conclusion, 11 genomic segments of the two bovine GARV strains were all found to be of porcine origin. These findings reinforce the hypothesis that interspecies transmission of a completely heterologous strains can occur in nature. Our findings contribute to the growing body of information about GARV ecology and evolution by providing evidence for crossspecies infection.
Nucleotide sequence accession numbers. The 11 genomic segments of the two bovine GARV strains analyzed have been deposited in GenBank under accession numbers EU541374 (VP1 gene, strain K5), EU541375 (VP1 gene, strain K8), EU541380 (VP2 gene, strain K5), EU541381 (VP2 gene, strain K8), EU541386 (VP3 gene, strain K5), EU541387 (VP3 gene, strain K8), EU541392 (VP4 gene, strain K5), EU541393 (VP4 gene, strain K8), EU541398 (VP6 gene, strain K5), EU541399 (VP6 gene, strain K8), EU541404 (VP7 gene, strain K5), EU541405 (VP7 gene, strain K8), EU542702 (NSP1 gene, strain K5), EU542703 (NSP1 gene, strain K8), EU542708 (NSP2 gene, strain K5), EU542709 (NSP2 gene, strain K8), EU542714 (NSP3 gene, strain K5), EU542715 (NSP3 gene, strain K8), EU542720 (NSP4 gene, strain K5), EU542721 (NSP4 gene, strain K8), EU542726 (NSP5 gene, strain K5), and EU542727 (NSP5 gene, strain K8). 
